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WRWKHKXPDQDQGQRQKXPDQUHVLGHQWVRIWKLVDUFKLSHODJR)LJXUHDQGVHH
0HVWDQ]DHWDO+HUHDVHOVHZKHUHSODVWLFEDJVDUHPLVWDNHQIRUIRRGE\
WXUWOHVDQGVHDOVHJ6KX\OHUHWDODQGPLFURSODVWLFVDUHLQJHVWHGE\ILOWHU
IHHGHUVIURPVPDOOPXVVHOVYDQ&DXZHQEHUJKHDQG-DQVVHQWRODUJH
+XPSEDFNZKDOHV%HVVHOLQJHWDO,QGHHGDVRIJOREDOO\VSHFLHV
KDGEHHQDIIHFWHGE\HQWDQJOHPHQWLQPDULQHGHEULVDQGVSHFLHVE\LQJHVWLQJLW
.KQHWDO)XUWKHUPRUHLQ*DOiSDJRVWKHSODVWLFLWHPVWKDWDUHFDXVLQJ
WKHVHLPSDFWVDSSHDUWREHIURPWKHORFDOUHJLRQ6SHFLILFDOO\PRGHOOLQJZRUNE\YDQ
6HELOOHHWDOXQGHUUHYLHZXVLQJYLUWXDOSODVWLFSDUWLFOHV/DQJHDQG9DQ6HELOOH
VXJJHVWVWKDWWKHVRXUFHVRISODVWLFHQGLQJXSLQWKH*DOiSDJRVIURPRXWVLGH
WKHDUFKLSHODJRLWVHOIDUHFRQILQHGWRDQDUURZEDQGRQWKHZHVWFRDVWRI6RXWK
$PHULFDPRVWO\1RUWKHUQFRDVWDO3HUXDQG6RXWKHUQ(FXDGRUDQGILVKLQJIOHHWVLQ
WKHYLFLQLW\RIWKHDUFKLSHODJRZKRVHSUHVHQFHDQGPRYHPHQWVDUHQRZWUDFNHGE\
VDWHOOLWHDQGDUHDFFHVVLEOHRQOLQH,QWKHFDVHRI*DOiSDJRVWKHUHIRUHWKLVDSSHDUV
WREHDORFDOSUREOHPZKLFKWKHUHIRUHUHTXLUHVORFDOVROXWLRQV

,QUHFHQW\HDUVWKH'LUHFWRUDWHRIWKH*DOiSDJRV1DWLRQDO3DUN'*13KDV
LQFUHDVHGLWVLQWHQVLW\RIFOHDQXSRSHUDWLRQVDQGHQFRXUDJHGUHODWLRQVKLSVZLWK
QRW±IRUSURILWRUJDQLVDWLRQVZLWKDFFHVVWRWKHZRUOG¶VIRUHPRVWLQWHUQDWLRQDO
H[SHUWLVHLQWKHLVVXH2YHUWKHFRXUVHRIDVHULHVRIµ6FLHQFHWR6ROXWLRQV¶PHHWLQJV
LQWKHJURXSFRQFOXGHGWKDWGXHWRDFRPELQDWLRQRIRFHDQRJUDSKLFDQG
VRFLHWDOUHDVRQV*DOiSDJRVLVEHVWSODFHGRIDQ\DUFKLSHODJRLQWKHZRUOGWR
GHPRQVWUDWHKRZWRWDFNOHWKHWKUHDWRIPDULQHSODVWLFSROOXWLRQLQDPDULQHUHVHUYH
6XEVHTXHQWO\WKHWHDPGHYHORSHGDPXOWLGLVFLSOLQDU\SURJUDPPHWRDFKLHYHWKLV$
VHULHVRISLORWUHVHDUFKSURJUDPPHVDUHEHLQJFRQGXFWHGZLWKVHHGIXQGLQJIURP
SDUWQHUVLQWRWKHSK\VLFDOELRORJLFDODQGKXPDQQDWXUHRIWKHLVVXHDQGDIXOO
IRXU\HDUSURJUDPPHKDVEHHQSURSRVHGEDVHGRQWKHUHVXOWVRIWKHILUVW\HDURI
SLORWZRUN7KHPHWKRGRORJ\GHVFULEHGLQWKLVSDSHUVXSSRUWVWKLVZRUN

)LJXUH+(5(


0HWKRGV
:LWKLQWKLVFRQWH[WDQREMHFWQDUUDWLYHVPHWKRGRORJ\ZDVGHYHORSHGDQGWHVWHGLQ
*DOiSDJRV7KLVLQYROYHGIRXUGLVWLQFWEXWUHODWHGVWDJHVWKHILUVWRIZKLFKZDV
VXUIDFHEHDFKFROOHFWLRQ7KH6FLHQFHWR6ROXWLRQVWHDPYLVLWHGDUHPRWHEHDFKRQ
6DQ&ULVWREDOLVODQG%DKLD5RVD%ODQFD)LJXUHDVLWHDFFHVVLEOHRQO\E\ERDW
DQGRQHWKDWLVWLJKWO\FRQWUROOHGDQGUHVWULFWHGWR1DWLRQDO3DUNVWDII7RXULVWVDQGDOO
RWKHUYLVLWRUVDUHVWULFWO\SURKLELWHGIRUUHDVRQVRIZLOGOLIHFRQVHUYDWLRQ8QOLNHWRXULVW
EHDFKHVRQWKHLVODQGVWKLVEHDFKLVUDUHO\FOHDQHGDQGODUJHDUHDVDUHWKHUHIRUH
FRYHUHGLQDQDFFXPXODWLRQRISODVWLF6RPHRIWKLVPDWHULDOHVSHFLDOO\DWWKH
EDFNVKRUHDUHDEHKLQGWKHEHDFKHVVRPHGLVWDQFHEHKLQG0HDQ+LJK:DWHULV
EOHDFKHGDQGEULWWOHDQGDSSHDUVWRKDYHEHHQWKHUHIRUDORQJWLPH2WKHULWHPVDUH
YHU\REYLRXVO\UHFHQWDVGHWHUPLQHGE\6HOO%\DQG8VH%\GDWHVDQGDUHODWLYH
ODFNRIZHDWKHULQJ6RPHRIWKHROGHULWHPVKDYHEHHQYLVLEO\WUDQVIRUPHGE\
ZHDWKHULQJDQGPD\EHDOVRDQLPDODFWLRQLQWRPLFURSODVWLFVLWHPVRIOHVVWKDQ
PPGLDPHWHU$UWKXUHWDOZKLFKLVDOVRSUHVHQWKHUHLQVLJQLILFDQWTXDQWLWLHV

8SRQDUULYDODQGDIWHUDUDSLGRYHUDOOLQVSHFWLRQRIWKHVLWHWKHWHDPPDGHD
UHSUHVHQWDWLYHFROOHFWLRQRIDUWHIDFWV)LJXUH$VWUDWLILHGUDQGRPVDPSOLQJ
PHWKRGRORJ\ZDVDGRSWHGIRUWKLVFROOHFWLRQDIWHU6KHQQDQ,QVKRUWWKH
EHDFKDVVHPEODJHZDVSHUFHLYHGLQWHUPVRIFDWHJRULHVRIDUWHIDFWVDQGWKHQD
UDQGRPVDPSOHRIREMHFWVZDVGUDZQIRUHDFKFDWHJRU\IURPGLIIHUHQWDUHDVRIWKH
EHDFK7KHPDLQFDWHJRULHVRIDUWHIDFWVZHUHVLQJOHXVHSODVWLFFRQWDLQHUVRIYDULRXV
NLQGVEDJVERWWOHVVW\URIRDPFXSVFORWKLQJVKRHVLQWKHIRUPRIPRVWO\WUDLQHUV
DQGIOLSIORSVRUµWKRQJV¶KDWVDQGFDSVGLVFDUGHGRUORVWILVKLQJHTXLSPHQWPDLQO\
WKHSODVWLFFRPSRQHQWVRIWUDSVILVKLQJOLQHDQGSDUWVRIILVKLQJUDIWVWR\VOHJR
GROOVEXFNHWVDQGVSDGHVDQGIDUOHVVIUHTXHQWDUDQJHRIRWKHULQFOXGLQJ
XQLGHQWLILDEOHREMHFWVVXFKDVDV\ULQJHDOWKRXJKORFDONQRZOHGJHVXJJHVWHGWKLV
PD\EHORQJXQGHUµILVKLQJHTXLSPHQW¶$UWHIDFWVZHUHFROOHFWHGLQUHIXVHEDJVRQH
SHUSDLUDQGWKXVDERXWEDJVEHWZHHQFSHRSOHDQGWDNHQEDFNWRWKH
ODERUDWRULHVDWWKH*DOiSDJRV6FLHQFH&HQWHUZKLFKKRVWHGWKLVSDUWRIWKH

ZRUNVKRS3KRWRJUDSKVZHUHWDNHQRIWKHEHDFKFROOHFWLRQVXUYH\DQGRIWKHDUHDLQ
JHQHUDO

),*6+(5(

7KHVHFRQGVWDJHRIWKHSURFHVVLQYROYHGV\VWHPDWLF VDPSOLQJRIWKLVFROOHFWLRQ
IURP%DKLD5RVD%ODQFDWRSURGXFHDVKRUWOLVWRIHLJKWLWHPVWKDWWRJHWKHUSURYLGHG
DUDQJHUHSUHVHQWDWLYHRIWKHZLGHUEHDFKVDPSOHIRUIXUWKHULQYHVWLJDWLRQDQG
VSHFLILFDOO\IRUWKHREMHFWQDUUDWLYHVZRUN$OORIWKHFROOHFWHGLWHPVZHUHILUVWODLGRXW
DQGRYHUWKHFRXUVHRIDQKRXURQHRIWKHDXWKRUV-6VLIWHGWKHPWRPDNHWKH
VHOHFWLRQ7KHVHLWHPVLQFOXGHGDKLQ)LJXUHDSODVWLFSRWRQFHFRQWDLQLQJOLTXLG
GHWHUJHQWDQGZLWK-DSDQHVHODEHOOLQJWKHVROHRIDFKLOG¶VVKRHWKHWRUVRRIDGROO
DVXQYLVRUDFORVHGSODVWLFERWWOHFRQWDLQLQJDWRRWKEUXVKDUHGFRQWDLQHUWKDWKDG
EHHQUHXVHGDVDIORDWWRDFWDVDPDUNHUEXR\IRUVRPHPDULWLPHSXUSRVHWKH
DWWDFKHGVWULQJSUREDEO\WHWKHUHGLWWRWKHERDWDSODVWLFZDWHUERWWOHZLWKD
*DOiSDJRVODEHODQGDSDFNHWRQFHFRQWDLQLQJVQDFNV

)LJXUH+(5(

7KHWKLUGVWDJHRIWKHPHWKRGRORJ\ZDVWKH REMHFWQDUUDWLYHV ZRUNVKRSLWVHOIZKLFK
WRRNSODFHLQDODERUDWRU\DQGLQYROYHGHLJKWWHDPVRISHRSOHHDFKPRYLQJ
DURXQGWKHFROOHFWLRQRIREMHFWVEXLOGLQJDVHULHVRIQDUUDWLYHVDURXQGHDFKLWHP
)LJXUHDYDULDWLRQRIWKH:RUOG&DIpPHWKRGHJ&DUVRQ)RXFKpDQG
/LJKW3UHZLWW7KHWHDPVZHUHW\SLFDOO\PL[HGFRPSULVLQJDFRPELQDWLRQ
RIORFDOSDUWLFLSDQWVIURP1*2VWKH1DWLRQDO3DUNDVZHOODVPHPEHUVRI*(&2D
JURXSZRUNLQJRQ6DQ&ULVWREDOLVODQGWRHPSRZHUORFDO\RXWKWRPDNHDSRVLWLYH
GLIIHUHQFHWRWKHLUFRPPXQLW\ KWWSVJHFR*DOiSDJRVZRUGSUHVVFRP DFFHVVHG
)HEUXDU\DQGORFDODQGLQWHUQDWLRQDOPHPEHUVRIWKH6FLHQFHWR6ROXWLRQV
WHDP)RUORJLVWLFDOUHDVRQV6SDQLVKDQG(QJOLVKVSHDNLQJSDUWLFLSDQWVW\SLFDOO\
ZRUNHGVHSDUDWHO\DOWKRXJKVRPHSHRSOHZHUHELOLQJXDO)ROORZLQJWKHPRGHORIWKH
:RUOG&DIpPHWKRGRORJ\UHIHUUHGWRHDUOLHUWKHWDVNZDVLQWHQWLRQDOO\µTXLFNILUH¶ZLWK
ILYHPLQXWHVRQHDFKREMHFWIRUHDFKRIVHYHQVWDJHVRIWKHQDUUDWLYHZHVRXJKWWR

FRPSLOH7KHVHVWDJHVZHUHIUDPHGDVTXHVWLRQVVHWRXWRQDJULGRQODUJHVKHHWVRI
SDSHUHDFKRQDVHSDUDWHGHVNRUµVWDWLRQ¶:KHUHZDVWKHREMHFWIURP":KDWZDVLW
PDGHRIDQGKRZZDVLWPDGH"+RZKDGLWEHHQXVHGE\ZKRPDQGIRUZKDW"+RZ
KDGLWHQGHGXSLQWKHVHDDQGHYHQWXDOO\WKHUHIRUHRQDUHPRWHEHDFKLQ
*DOiSDJRV":KDWKXPDQDFWLRQVPLJKWKDYHFDXVHGWKLVRXWFRPHDQGZKDWDFWLRQV
PLJKWWKHUHIRUHKDYHSUHYHQWHGLW"*URXSVZHUHHQFRXUDJHGWRWKLQNDERXWWKH
HYLGHQFHWKDWPLJKWVXSSRUWWKHLUQDUUDWLYHVDQGDVWKH\SURJUHVVHGWKURXJKWKH
FROOHFWLRQIURPREMHFWWRREMHFWHDFKJURXSKDGDFFHVVWRZKDWWKHSUHYLRXVJURXSV
KDGDOUHDG\ZULWWHQ7KH\FRXOGZRUNRQWKHQH[WVWDJHLQWKHVWRU\RUFUHDWH
DOWHUQDWLYHVWRULHVIRUVWDJHVWKDWKDGDOUHDG\EHHQDGGUHVVHG7KH\FRXOGRIIHU
VRPHWKLQJIRUHDFKVWDJHLIWKH\ZLVKHGDQGLIWKH\KDGWLPH(DFKWHDPKDGLWVRZQ
FRORXUHGSHQZLWKHYHU\RQHDGLIIHUHQWFRORXUWKLVDOORZHGWKHSRVVLELOLW\WRIROORZ
HDFKWHDP¶VREMHFWQDUUDWLYHDQGWKHLUGLVWLQFWLYHDSSURDFKDQGSHUVSHFWLYHDIWHUWKH
HYHQW)LJXUH

)LJXUHV+(5(

7KHILQDOURXQGEURXJKWWKHJURXSVEDFNWRWKHREMHFWVZLWKZKLFKWKH\EHJDQ7KH\
ZHUHDVNHGWRUHYLHZWKHYDULRXVVWRULHVDQGSRVVLELOLWLHVWKDWKDGEHHQSURGXFHG
DQGSUHVHQWWKHRQHWKH\SUHIHUUHGRUZKLFKWKH\IHOWWKHPRVWOLNHO\WRWKHZLGHU
JURXS6RPHRIWKHVHVWRULHVZHUHUHDOLVWLFWKHWRRWKEUXVKLQWKHERWWOHEHLQJ
FRQWDLQHGRQDILVKLQJERDWWRUHWDLQLWVVWHULOLW\LQDGLUW\HQYLURQPHQWIRUH[DPSOH
ZKLOHVRPHZHUHZRQGHUIXOO\SUHSRVWHURXVHJWKDWWKHYLVRUEHORQJHGWRDVHDOLRQ
ZKRXVHGLWWRLPSUHVVRWKHUVHDOLRQV9LWDOO\WKRXJKDOOSDUWLFLSDQWVWKRXJKW
FULWLFDOO\DERXWKRZWKHVHREMHFWVKDGHQGHGXSRQD*DOiSDJRVEHDFKDQGWKH
EHKDYLRXUVWKDWPLJKWKDYHFDXVHGWKLVWRKDSSHQ7KH\FULWLFDOO\H[DPLQHGWKH
FXOWXUDODQGQDWXUDOWUDQVIRUPVWKDWKDYHDFWHGXSRQWKHVHREMHFWVRQHVHWRI
SDUWLFLSDQWVWUDLQHGLQPDULQHELRORJ\DQGVSHFLDOLVWVLQFRORQLVDWLRQIRUH[DPSOH
QRWLQJKRZRQHFRXOGWHOOKRZORQJDQLWHPKDGEHHQLQDPDULQHHQYLURQPHQWIURP
WKHGHYHORSPHQWRIFRORQLHVRQLWVVXUIDFHZKDWPLJKWKDYHKDSSHQHGWRWKHPQH[W
LIWKH\KDGQRWEHHQFROOHFWHGDQGZKDWZLOOKDSSHQWRWKHPQRZWKDWWKH\KDYH


$IRXUWKDQGILQDOVWDJHLQYROYHGVFLHQWLILFDQGZHEEDVHG DQDO\VLV DQGDLPHGWR
EULQJVRPHIDFWXDOHOHPHQWVLQWRWKHVWRULHV7KLVKDVWZRVHSDUDWHFRPSRQHQWV
)LUVWVPDOOVDPSOHVZHUHWDNHQRIHDFKRIWKHHLJKWLWHPVZLWKWKHDLPWRH[DPLQH
WKHLUFRPSRVLWLRQDQGGHJUDGDWLRQ,QVKRUWZKDWPRUHFDQZHOHDUQDERXWWKH
RULJLQVDQGQDUUDWLYHRIHDFKREMHFWWKDWZHGLGQ¶WDOUHDG\NQRZ"7KLVZRUNZDV
XQGHUWDNHQDWWKH8QLYHUVLW\RI([HWHU7KHVDPSOHVZHUHVFDQQHGE\)RXULHU
7UDQVIRUPHG,QIUDUHG6SHFWURVFRS\$WWHQXDWHG7RWDO5HIOHFWDQFH)7,5$75WR
GHWHUPLQHWKHLUSRO\PHUVLJQDWXUH)LJXUH$3HUNLQ(OPHU6SRWOLJKWZDVXVHG
LQ$75VFDQQLQJPRGHWRLGHQWLI\WKHVSHFWUDRIWKHHLJKWLWHPVFRPSDUHGWRVSHFWUD
IURPLQGXVWULDOVSHFWUDOOLEUDULHV

)LJXUH+(5(

7KHVHFRQGFRPSRQHQWFRQGXFWHGVHSDUDWHO\DWWKH8QLYHUVLW\RI<RUNLQYROYHG
H[DPLQLQJDQGUHVHDUFKLQJWKHYDULRXVSLHFHVRIFRGHGLQIRUPDWLRQYLVLEOHRQVRPH
RIWKHREMHFWV7KHVHZHUHPDLQO\VWDPSVORJRVDQGODEHOVZKLFKIRUPHGWKHEDVLV
IRUIXUWKHU,QWHUQHWEDVHGUHVHDUFKDORQJVLGHH[DPLQDWLRQIRUDQ\PRUHREYLRXV
WUDFHVRIXVH7KLVVHFRQGWHFKQLTXHEXLOGVRQZRUNFRQGXFWHGSUHYLRXVO\E\0\HUV
DVSDUWRI6FKRILHOGHWDO¶VIRUHQVLFH[DPLQDWLRQRID)RUG7UDQVLW9DQ%DLOH\
HWDO,QIXWXUHZHKRSHWREXLOGWKLVRQOLQHUHVHDUFKLQWRWKHZRUNVKRSV
WKHPVHOYHVZLWKHDFKWHDPKDYLQJWKHLURZQµUHVHDUFKVWDWLRQ¶ZLWKZHEDFFHVV

5HVXOWV
)RUHDFKLWHPDGLYHUVHUDQJHRIVWRULHVDQGSRVVLELOLWLHVZHUHFUHDWHGE\WKHWHDPV
GHVFULEHGHDUOLHU:LWKWKHVKRHIRUH[DPSOHVWRULHVUHYROYHGDURXQGLWVDFFLGHQWDO
ORVV,WZDVFOHDUO\DFKLOG¶VVKRHDQGSHUKDSVRQHIRUVPDUWRFFDVLRQVMXGJLQJIURP
WKHSRLQWHGWRH2QHLPDJLQHVWKHFKLOGZDONLQJKRPHEDUHIRRWSHUKDSVFDUU\LQJWKH
RQHUHPDLQLQJVKRH7KHRFHDQRJUDSKLFGDWDVXJJHVWVWKHORVVPXVWKDYHEHHQ
FRPSDUDWLYHO\ORFDOHLWKHUIURPWKHLVODQGVRUIURPWKHQHDUE\PDLQODQG,Q
FRPSDULVRQWKHGHWHUJHQWFRQWDLQHULWZDVVXJJHVWHGFDPHRIIDILVKLQJERDWWKH
FRQWDLQHUEHLQJLGHDOIRUNHHSLQJSRZGHUGU\RQERDUGDQGVPDOOHQRXJKWRWXFN
DZD\,WVVPDOOVL]HPD\DOVRVXJJHVWLWZDVWKHSHUVRQDOSRVVHVVLRQRIRQHRIWKH

FUHZDQGWKDWDOOILVKHUPHQZHUHSHUKDSVUHVSRQVLEOHIRUWKHLURZQSHUVRQDO
K\JLHQH7KHFRQWDLQHUZDVSUREDEO\GLVFDUGHGWRVDYHSUHFLRXVVSDFHDERDUGD
FURZGHGILVKLQJERDWDZD\IURPKRPHIRUPRQWKVDWDWLPH 

6FLHQWLILFDQGZHEEDVHGDQDO\VLVSURGXFHGVRPHIXUWKHULQIRUPDWLRQDQGVRPH
FKDOOHQJHV7KHVROHRIWKHVKRHIRUH[DPSOHKDVQRSURGXFWLRQFRGHVWRLGHQWLI\
ZKDWLWZDVPDGHRIRUZKRLWZDVPDQXIDFWXUHGE\EXWZHFDQVD\VRPHWKLQJ
DERXWLWVXVHDQGLWVXVHUV7KHRQO\WH[WLVDQ³´LQGLFDWLQJWKHVL]HRIWKHVKRH
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